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Table 3.2*1 Instnnaontation List 



1.0 Introduction 

This document is a portion of the Proposed Instrumentation 
Plan (ref. SHC-1006). The intent is to provide necessary 
instrumentation for MSFC,as specified in the S.O.W., Paragraph 
4.3B. Full compliance to the proposed instrumentation plan, 
as specified in SHC-1006, is out of the program scope. This 
plan contains a system descriptive summary and a definition of 
the requested instrumentation. To assist in instrumentation 
definition, a schematic has been prepared showing instrumentation 
locations, line size, and flow directions. A list has been made 
of all required instrumentation, as specified in NASA SCH-1006, 
and the system operating modes have been defined. 

2.0 System Descriptive Summary 

The prime element of the collection system is the flat plate 
solar collector. It is capable of being integrated into a 
sloping roof or placed on a flat roof using truss supports. 

The collector is water tight to the outside elements and is 
insulated. Solar heat from the collector is carried by a trans- 
fer fluid to the thermal storage tanic, x^here heat transfer takes 
place in a secondary heat exchanger, to permit thermal storage 
in a large, water-¥illed tank. The heated vvater is then pumped 
through a liquid-to-air heat exchanger to provide space heating 
xvhen required. An auxiliary electric strip heater provides heat 
xtfhen the solar storage is not available. Domestic xvater passes 
through a hot water heat e,xchanger in the thermal storage tank, 
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pj'iol' to parsing thi'otjgh the auxiliary electric hot water heater. 

O 

w.l System Type 

Tlio type o£ system that Colt vv^ill employ, at the operational 
test sites, utilises a flat plate collector with a paraffinic 
liquid heat transfer loop that transports paraffinic oil 
through a secondary heat exchanger in a water thermal storage 
tanh. 

2,2 Collector Area 

The collector measures approximately 10* x 2’, Each collector 
absorber suriace is 17,06 square feet. Each opera tional^ test 
site is expected to have 5S collectors providing approximately 
600 scjuare feet of absoi'ber surface, 

2,5 Collector Description 

2,3,1, Absorber Surface 

The absorber surface consists of two (2) flat 20 -gauge 
steel plates formed together by seam welding, and 
pressure expanded to provide a flow path for the heat 
transfer fluid. The surface of the absoi'ber is selec-^ 
tively coated with bright nickel vand black chrome, 

2,3,2 Collector frame 

The collector frame is uniquely fabricated from a single 
sheet of 20-gauge steel to support the glaring, contain 
the back side insulat^ a, prov'^ide a fire retardant 
barrier, and house the absorber plate. The frame, in 


^couj unction with the glazing intetface moldings > can ^ 
integrated into the roof hetA^een the joists of a buildings 
or receive support structure for placement on a flat roof, 

2.4 Thermal rStorage ^ 

Each of the two (2) operational test sites A\?ill have different 
thermal storage tanh configurations. One tank will be a 1500 
gallon concrete container*' that will be insulated with 2'* of 
uz'ethane foam and wHl be buried in the ground. Heat transfer 
from the collector thei'mal fluid takes place in a composite 
flat plate heat exchanger assembly housed Av»ithin the thermal 
stoi'age tank. 

The second tank is fabricated of steel with an integral plate 
coil heat exchanger forming the cylindrical shell. This tank 
will also be insulated A'fith 2 inches of ux'ethaue loam. The 
steel tank will be placed inside the operational test site 
building, 

2.5 Space Heating Method 

Hot water will be puii?ped from the theimial storage tank through 
a 1 iquid - to-axY heat exchanger located in the heating duct. An 
auxiliary electric strip heater will be installed in the same 
heating duct to provide heat during the absence of solar heat- 
ing. A squirx'el cage forced draft blower mil provide air 
circulation tlu'ough the heat exchajiger and the auxiliary 
electric strip heater. 
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2^,6^ Hot Water Sub System 

liomesti C q water will pass thorough a 66 gaXion hot water heater 
exchanger hpused in the thermal storage tank. It will then 

a j 

pass to a 52 gallon electric water storage heater manufactured 
by American Appliance Manulacturing CoTporation. 


The electric heating element provides auxiliary heat when the 
water tempoiature drops below 125^b. 


2,7 Hncrgy Transport System 

2.7.1 Blowers 

Cult has specified a Dayton forced draft blower » capable 
of moving 1800 cfm of air across the heating coil and 
electric duct heater. This blower is a part of the heat- 
ing duct, 

2.7.2 Duct 

The duct cross -sect ion measures 3r' by 21” and is fabri- 
cated of 26- gauge sheet metal » insulated with fiberglass, 
downstream of the heat exchangers. 

2.7.3 Pumps 

Colt has specified two (2) types of pumps; cast iron and 
stainless steel. Both are manufactured by Grundfos Pump 
Corporation, The cast iron pump will be used for the 
closed loop system in the ccl lector loop which pumps para- 
ffinic oil. A stainless steel pump will be used in the 
spiice heating loop wd>ich is an open system pumping water. , 
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P&mp specifications -to be supplied later. 


.2.7.4 P’iping , ' 

o ^ ^ ' 

AH- piping sh'all be Type L copper tubing, installed with 
siifSatod copper fittings. The diameter of the piping is 
noted on solar system schematic piping, L^ength of run 
will be as roquii’ed by the particuLnr Installation. 


2,7.5 Pluid Type 

Paraffinic oil >(Dow Therm HP), has been selected for the 
system heat transfer fluid.. It is low cost, noncorrosive, 
has a- moderate viscosity, and a high flash point, * In 
addition, it has ho freezAng or boiling problems, requires 
only a moderate pumping power, and contributes to excellent 
pump and valve- life. The table below. Table 2, 7^5-1, 
describes the piiysical properties of the paraffinic oil. 


TABLE 2. 7, 5-1 

DOIV THERM HP PHYSICAL PROPERTIES 


Pour Point (ASTM D-97J 15°P 

Flash Point - - 420°F 

Firo Point 460°F 


Thermal Comluetivity 
CBTU/(HR) (FT2) (Op/pj) 

Viscosity (Contipoise) 

Density (giii/cm^) -- 

Specific Heat (BTU/X6°F) 


iao°F 

200°F 

.078 

.076 

28 

4.5 

.85 

.82 

.47 

.52 


A- 5 


o 


0 


D 


o 




2,8 Auxiliary Energy 

o 

For each op<er action al test site, both 110 and 220 volt service 

o Q O 

^ will be^ required. All controllers yill be supplied with 110 

volt power with the exception of the thermostat that will be 
& 

* 

^ ' low veltage. All motor c'ontrol^lers twili be switched ny low 
voltage. The pumps and the forced draft bHower will run on 
110 volt power. The auxiliary strip heater and the auxiliary 

o 

'hot water heater will run on 220 volt. 

. o o'' c 

o 

o O 

2,9' Operational Control Sequence' 

o 

The Colt solar heating and hot wat,er heating system is most 
easily described by the solar system schematic sho'wri/ on Figur'fe 

o 

2*9-1," ^ ^ . . 




O 


Control of pump P-1, whicji pumps the heat transfer fluid -j- 

.^r 

. .'f-. 

through the collector and the thermal storage ''tank, is accom- 
plished by a differential temperatu'te controller. This control 

c- 

measures the exit water temperature of the collector and com- 
pares this temperature to that of the water in the storage tank. 
When the heat transfer fluid leaving- the collector is approx- * . 
imately 8°F greater than the thermal storage tank temperature, 

o 

pump P-1 is turned on. When the, heat transfer- fluid temper- 
ature decreases and approaches the thermal storage tank temper^ ^ 
ature, pump P-1 is turned off. Control system stability is 
achieved by the correct temperature switch points ’to prevent 
thermal cycling. Depending bn the system size, switching 

r 

stability is generally achieved #ith a temperature delta 
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setting of apin'oximately eiglit (8) degi'ees. 

Pump P-2, supplying hot \mtov to the spaoo boating boat 
oxdiangov, is turned on simultaneously with the air cireulating 
blower by the first stage of the room thermostat* Should 
insufficient solar heat be available, the second stage thermo- 
stat will turn on the auxiliary electric strip heater. With 
the auxiliary heater on, air will continue to be preheated by 
the solar heat exchanger with pump P-2 on, as long us the 
solar hot water is above 

Pump P-2 will cut oft when the hot water drops below P0^\F. At 
any time the auxiliary elect x'ie heater is on, the forced draft 
blower will also be on. 

2.10 Coefficient of Performance 
To be supplied later, 

3.0 Instrumentation Definition 

3.1 Instrumentation tocations 

, Figure 2*9-1, the System Schematic, shows the location of the 
instrumentation to be used on the operational test system and 
all piping slses. 

3.2 Instrumentation Parts Schedule 

Table 3,2-1 lists the instrumentation to be used in the oper- 
ational test systems. This list is correlated to the System 
Schematic and the requirements of NASA SGH-1006. 


TABLE 3. 2-^1 
INSTRUMENTATION LIST 


SYMBOL 

, UESGRU’rroN 

R.VNCK 


DART 

IitlOO 

Collector Piw 

0O-20CPM 

Ramapo 

MKV-l 1/4 

rioo 

Col lector; Storage Out 

50®-200'^P 

Miuco 


TlOl 

Oolioetor In 

3<)'®-2200e 

Mittco 


T102 

Collector Out 

30'^-220'5E 

Miuco 


T103 

Collector Surface 

“40O-4S0^l 

• Min CO 

S34A 

T104 

Col 1 dc tiff 1 '/ Storage In 

S0'^-220OE 

Min CO 

F^Oo 

\mi 

Storage flow 

0'-'-20tiPM 

!lamapo 

MKV-l 1/4 

T200 

Storage Upper 

30<*‘-220'’E 

Miuco 

SS3-l'2(1.3 

T201 

Storage Middle 

vSOO-220'’E 

Mi n CO 

SS.VF.n>5 

no2 

Storage lower 

oOO-2 20'5B j 

Miuco 

SS3-E.'03 

T3B0 

Dowestio Water/ In Storage 

30»- lOO'' 

Miuco 


T301 

Domestic Hot Water Out 

50'>-220^i 

Mi n CO 

SS.3-B.'03 

T302 

Domestic Water/Out storage 

30'^’ 220‘^ 

Miuco 

SS.i-l'.’0.3 

T30S 

Auxiliary Hot Water 
Storage 

30®-220*^ 

Mi.uco 

S?5 -lAn)3 

T304 

Domestic Water/ In W.S.H, 

50'5-2 20« 

Miuco 

S53-P203 

T305 

Domestic Water/Out W.SJl, 

30'^-220“ 

Miuco 

SS3 1 ;03 

KSOO 

Domestic Water Blow/ 
Storage in 

0-20CDM 

Ramapo 

MK\ - 1,’2 

W301 

Domestic Water Blow/ • 
W.S.H. Out 

0'200DM 

Ramapo ' 

MKV 1 : 

BP300 

Dlcct. Power W.S.IK 

54 kwh 

Oh i 0 

iemitronics 1 

I'OS-XV 

T400 

Heat Storage/Out 

30'^- 220'-'' 

Miuco : 

S53 1-203 
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rasrRUMjmrM'toN List 


SYMBOL 


RANCH : 


I'AUt NC, 

twi 

Iteat Coil Ift 

St^'-2^A'5 

Minco 

8S)S*F.HK1 

nu 

\{mt C'diX <X\xt 


MlUOO 

liSS- V.U1S 

■B 

HeAt/Storage In 


MiftOO 


nu 

kit •* W^At Coil h\ 

-"V 

.1 

Miuco 

xSlCS F1A.1 


Alt' - Heat Coll Cut' 

SC'5 - Uttl'^^F 

Mlnoo 

SSS-FlAi 

t4i06 

j\ii' - Ik^At Duot v>ut 

50'»- iso'll! 

Minco 

SSS Fiji 

mMoo 

lUoct» t'owev Control^ 





P. Attvi ?> 

m\ 

ChSo 





Pom i iron Uvs 

TCP XV 

mmi 

lUect. - Pact 

IS KWl 

Ohio 





PomitronKnv 

PCS ' XI 

W400 

Heat Coil Flow/ In 

0'>-20Ct>M 

Unmnpo 

MKV 4 

W401 

Puct Plow 

lUiiUHVCFM 

IHott^icU Pi 

A/ 




T'ypo 

‘4 ,' is “A 




Robinsivni-lk 

loo on 

W402 

Uo^t CxMl Plow/Out 

o/tun'M 

Rnmnpo 

MXV P. 4 

tool 

T Ambient 

-4<)-lSiii'' 

Minoo 

PHPV1P2 

TOO! 

To t ft 1 Rdd inti on 

Total 

V\\\> toy 

P - 4P 


BuiUUng lUHido 

.40-lS0‘^ 

Min CO 

PPP^ i 


.Vl«> 








3*3 Operating Modes 

The operating modes ai'e described in Paragraph S.9, and shorn 
on the System Schematicj Figure 2,9-1^ in abbreviated form* The 
flow diroetiuns are also shown on the System Schematic. 
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1.0 Iiitrodvu^tion 

The approach that Colt has taken to Quality Assurance is to 

in'ovide an ox'gani nation that effectively has a voice in all 

\ 

matters concerning Quality. Through Quality Assui'ance* a 
higher degi-ee of reliability will be achieved^ and the ability 
of the various components in the system to meet the system 
design and system specifications will be realistically 
approached. Quality Assurance will not end with hardware j 
it^ jWill also be involved in all documentation tluat is trans- 
mitted to the customer. It is the I'esponsibility of Quality 
Assurance to insure that a common thread e^cists between hard- 
ware, documentation, and the control functions of Quality as 
they relute to configuration management. 

2.0 Administration Management 

Administration and iiumagement of the Quality Assurance function 
will be the responsibility of the Quality Assurance Manager 
assigned to the NASA Solar Heating and Hot Water Heating pro- 
ject. The Quality Assurance Manager will report directly to 
the President of Colt, Inc. regarding all functions and 
responsibilities that pertain to Quality Assurance on the NASA 
Solar Heating and Hot Water Heating Program, The Quality 
Assurance Manager for the NASA program will be Mr. Chuck 
Barsamian, who has been assigned the I'osponsibility for Quality, 
Reliability and vSafety* As Quality Assurance Manager, Mr. 
Barsamian will have the responsibility to insure that all 
Quality contractural requirements are properly planned, 



docimented, coordinated, a^^d implemented* He will serve as 
the central contact for all Quality Assux^ance liaison within 
the Solar Program* ‘ 

3.0 Inspection and Test 

The Inspection system for the Solar Progi'aan will insure that 
all articles and materials that have been fabricated and pro- 
cured will be inspected and/or tested to insure conformance to 
specification and/or procurement requirements. The inspec- 
tions will occur as required during receiving, processing, 
fabrication, assembly, test and/or delivery of hardware, ns 
may be appropriate. 

All components received from outside vendoi's will be checked 
through Quality Ass\irance to insure that the parts comply to 
the terms of the purchase order. Materials and components that 
are procured against a specification will be checked for com- 
pliance to that specification upon receiving. An inspection 
and receiving plan Airill be formulated that will include the 
following: 

Vendor Name 
Part Hxnuber 
Part Name 

Applicable Drawing or Specification 
Applicable Revision 
Inspection to be Pe informed 
Name of Inspector 

A Quality Assurance plan \nll be prepared covering the process- 
ing, fabrication, and assembly operations. Typical Quality 
Assurance checks that will be implemented into this plan 



includo" such things £isj .(^ ) 

Assembly and pretest 
Collector glaring and sealing 
Collector installation into the roof 
. Elushing and purging of linos 

Gleaning and installation of \’‘Ossels and tanks 

Storage tank foajning 

Installation of all major etxBipment 

System filling and venting f 

Protection of flow me tex's during system filling > 

A Gheck-ofr list of steps and functions to be witnessod will 
be prepared^ and Quality Assurance sign-off will be required* 
Test conduction will be dvecked by Quality Assurance* The 
primary coneex'n of. test surv'eillance will involve the tests 
set up, detormination that proper instrumentation is being 
obtained for testing j and that instrument calibrations are in 
date. The following specific responsibilities relating to the 
test effort will be signed and stamped off by Quality Asstirmiee: 



Leak and hydx'o static testing 
Calibration of watei' level device 
Verification of instrumentation calibration 
pretest verification cif instrumentation 
operability 

Verification of test data c. 

Controls check out 
Post; test' conditions'-^ 

All documentation that forms a part of the acceptance data pack- 
age will be reviewed by Quality Assurance to insure all ^cott- 
tractural items ai'e present and in order prior to shipment of 
. deliverabie systems. 


4. 0 Controls 

Quality Assurance will implement several forms of contx'ols for 



th^' liAUvUittg, ittVvl \vf test as eem- 

j>atevl to vlelVvei'Ahle euJ items » These v*euttols vitl segtegA^^ 
test, eqMipmettt ftem <3e 1 he table eiul Itemst the stefage xtlti 
hmMv^blt'agghig ot- all e-iuii'imeut as te i ts pax‘tieotav \tasb mw 
bet anxi te senatate test Tx\>w aelheVvable e^uhmexit as it 
telates te eenfjgxxvatieu mauagemeftt. ilataxm'e that has been 
setapye'i et damaged ttil I be segtegate-l in a seiiatate avea. Alt 
hatvteate, tegat'Jlesa et’ test, an\i whetheiv Ae live table ot'®^ 
live, wilt be steve^ ,lnsi4e te lU'event bath daxpage axni viet^viviet 
atien. All hat Awate that ean be eejihisexl beeansb ot' 'lesign 
chaxiges will be eieatly matke^l with apjsteT'tlate xiash mtabets, 
55nbstitutien of hat^wate W'-ill net; be i>emitttext nxiiess within 
thill eemilianee ei- the eeafigntatieu aanagement ixtegra'a. i'te- 
eesses that veqnite wsht'evm i^nality Assni'anee, aneh as plating, 
will se^inii'e eettit'ieatien I'vaa the venxiet pet'levsi’ag the 
plating epetatiea, Wel^lsj heat tveating, selvieving, special 
passivatiens, ete,», ate nefj*ensi,ieye,i te be xlesign etitieal tv't 
the pteseat lesiga, Rewevet, shoul<l any such pteeess appeav te 
pvesent a i^nality pysblem, eettifieatien as te its petfenmee 
w'ill be imiexiiately tmpiementevi hite the fabvieatiea pweeesix. 


Qaality Ax^suvaxiee siga-eff will be tetinite'l i’ev the teiease et- 
all 3vawiags, and, at this time, the ^Irawing will be TeviexHHl 
pevtaiaing te evitleal pteeesses ev iaspeetiens ve^nisSng 
spiality iaspeetiea el eevtifleatieuv 
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S^O Metrology, ■ .• o . .J: ' 

C ' • • '.^ 

Quafity vXsfsuvan^e will maiatafn a jn^ti'ology ,.syst«if; for «©nU’Ol 
^of MSuri) ^onrommoio* Wha^ 

syatoiiiB-^iv'lli insure that ^tr|insdi&ors j fl^ow meters, rests tan 
tempei'dturc sensors nnd'^\cetather gathering components ax'e \\"ithin 

"Jl (TTi O o ^ 

the calihratid^i?> stnndaixts recoTOem^^ tl\|f= ^mamifacUirers%^ 

^ O O O G o . Q . 

Periormance specifications of the instrumentation" ®olef^ed \v\Ul 

lie I'ev-i^iwed by i^uality anid ctfinparM ts %he pr,^'senj: status of 


air instrumentation. 
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Should the f^ilibrations be out of spe:^if heat ion ©ralue,) or o'ut of 

V ® o '.; - ®” % e© o 0 ' /‘ ^ 

dnte^ the tesi: equipment int^lved \jriii M recalibrated. 
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6*0. Nonconfommi^Q - ^ o ^ ® ^ / © 

^ Nonconformance o^^ hardu^are^ i iomponent^ or sy^sjems that 

' @ ■ 

are deliverable i^ems int^ola^riag |»e^'form.ance #hall be subject fto 

O ■ ©.., .. ., , .o^,, © : .©^.. . ■■ ■ ■ • . ■^:. 

cMateriai &eviei\^ Board^actioa* Hao)^dware0 jud^ged to be noinwnfo^m* 
ing to dr^sA^iMS and/cS’ib specif IctltionsP shall require M^eria3© ® 
^Review BouTd at^llon* 'She Matter! al Revie’i^ Posti'd will consist ©f 

. © ■ . © ©. ■ - . . O . : ■ © ■ c? , ^ ^ 

. _ - .© . © . ■ O - '-' (S' 

^^:he Program Managerrjfe'ejecfol^ngineer,^^^^^^^ Bir^tor o| Quaiii:^^ 

it^ssm'ance * The «:®cormueadatl^n^^^^^^^^ ■flie hlateriai teview Beard 

^.- ... ■ ,Q,' ^ ,o .. -4' ®: ^ \ , 

be «ubmitted;^o MS?^ awho wili.have final ""approval^or .dds® © 

■ Giy - : -'.0 ^ ' ' ■ ' ® Q . - ■ 

^ OApproval apertainingQt© the Matter ial^Regi#? Bcfard reconmitendationsA 

,' o: Q ■-. o O: ■ © ' © 


The cause of each disca'epmic'^'' will ^be traced t^ %lie sm\rSe, © 

■ ■. • -^ ■ ■■•■ . O©--; V .© 0 . .^■■. . o. ® . -.e. • o . 

MfiriMti^eOactiqii A\ild be '^aken©ih ea^h instance© to insur® ttofe 

tlie discrepancy is no% repeated. ^ ^houli^the discrepancy involve 

^ ■■ . • ■ ^ . ■. • © ©'■- . ^ . ■ bs :■ ^ 

- :_ b - ■ ■ -■ ■© ^ -jy ■ 

,'^ o ' “ . ‘ t „ .c. ^ 
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a mnuCactuiling ' 

■■ . '■■ '- ‘i a a ^ 

ci'itcHa that ^aiwot ha bravsht into the -c\u'i'e«.t specification'” 

- 5 .s-1' jJasaU'iiig liMiitatiohSy “* chans* ainV’ai'°„ ° 

O O ^ Yj ^ ■'■ ^ ° P ° 

'%<> initi^tis^ im4 ^ippTOY^il witli 

. 0 ^ 0 n d o o O ' 

, . ' C ' o co 

7.0 ' l^covdi^ ^ ' :. ““ ^ 

. . A ■ -r-..' C; • . -0 - ‘ ' ' ■°‘-'p ■ . 

Pei'ihaneitt t‘ecei\lsi will be maiataine,5 bj» 4w5tliviT^wissm’'ance tif all, 

- “ e ' o 

■ . V : ■ . ;■ n o 7 -- '■ • ^ : • .- 

^^^Ql \’;t>spohsibte fer im^paratix^n ©fe the Av^ct'‘p|ansjo Batijb 

■Q . G O '^, ;/ ' . -j/,, . . . .' \ 

^ Packag<^ JbuxiMiivtaluing^ a ^Spy of =|^io AccoptaiiJ^o Pata "Po^kag^o °° o 
m tfeo I'OXt All to apeoifl^catiofe and 

.o- . • : ■ ■ ■ ■ . . ■ ^ ■ ■ V :■ -' a ■ 

. lucluding I'ogitiring and tlvoso not by 

M$FC.j Yv“|.fl''b’o mSiitainod hi tho Quality AssuraiiiJO* filoa. 

■ ,, o’ . ‘ -o ■ ■ d ° 

■ -• . -O 0 ^ 0 Q, i-,. V, n . p ■ a ^ O o e 

Coitu wili use (^®aitv Assui'ance? as a coatvol fwnctioa tc. issute 
that 6oM'is«i'ation Management system Is, ^®mpietelf imple- 

,Q. p ^ ■ .. , . ° . . C) . ■ 

into Wincing d&d spo^ if ion tion to foY dcdiTOrnblo ^ 

Q • ■ iJ- '" ■ " ■ 5 O ■ 

5 ° InuPlwai'ii, fadiiit^its thls'aaatrol ps'cieedw “ 

- 'iSilX snalntnili a .oompl^to sot of dim'ings" m\d "spociflca* 

1'opvoso^ting tho h^tm% ^onflgur^ibiisa.^ 7 ° o“' ^ 

■ '^' ■ ■ ■■ :c- ■ ■ ■ _ ■■'a ■ ^ ' 7 ' 

.r, " . ' 0 ° . ■ -'c 

Ikoc^du^^'o. „• ■ ■■^■p :■ ^ ■: V o' - ; ' g a-'-,' . ; ' .■■ p'' 'p,- 

. ■ " ' ■ e ■ . . 3 D o ^ ° . 

lii-hv5ii"St^« pi'ocoduros xfiil bo m'itton^ dofintog tbb ‘fei' ' “ 

U • . • - . ' ;'T. . ... ^ ■ n r, 

= ■ ^ ^ - ' .„ = ' “ »o . V, . ■ 

° Quality ayeef tajirioj -.©a'- sf3i|ctioaj of all han^wai's m.<i tests as ■ 

/.■'■■o’; ■", . . Q ■ ' O V 

siveci^itii in" I'atagtagh °3.0. bet eHamplet^ Quality assurance ■will 

) P"- ■ '^' y ° *". O „ ^ -* 'A 

be present at the,,Jsaitiati»n anA c^mplg|;i'an„ of each ,>test t<i‘ 

■ ' a ■•. . “ ■ o ■ ■ . ■ ^ ■ 0 „ 

■ C ° (- - . 

E tkings onMbratio^ dat«i!^ of 

° that Sttft^icient 4*ta is being ebtaine^ for the test » that pretest ° 

P . . ■;" ■ O ’ ' ' ° . . ^- " ■ . " . 


o .r©^.“ 
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fflifeck'Off lists usedi'’ that ps'sgtftatoi'y^coudlti.ons defineii 

O' . • ' ■*»••, 

^ o 

in th« test plan have be«a accomted £or» and that the "test 

& ■ “ 

^ ' o o ° 

i'asuits ate iadlcativa df the test abtfomed* .Quality .Assiu" ° 

o . , , . 
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mSxh sjivaii- teviuw all test shall sign esSch test „ 
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repoi'tj attesting to;, its aecutacy, « ' 
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SPECIAL INwSTALLATION AND MAINTENANGB TOOLS 

Pax't Number NASQ0U9 -G16 
Nomenclature Alignment Tool 

Desei'iption and Use: 

This specially made tool will align three (3) collectors at 
once to insure that exterior roof seals interface cori'ectiy. 

The tool, 6’ O'* long and 6" wide, will be fabricated from 20 
gauge cold rolled sheet stock, 

\ 

The function of this tool is as follows; 

To locate the collector housings in proper relation to the 
supporting roof joists which in turn will provide alignment 
of the CO Hector/ roof seals. 

Identification of Manufacturer: 

Fabrication can be accomplished by a local sheet metal 
fabricator. 

Reason for Equipment: 

The installation is accomplished with better alignment accuracy 
requiring less skill. 



SPECIAL INSTALLATION AND MAINTENANCE TOOLS 

Part Number NAS0011&-C17 
Nomenclature - Crimping Tool 

Description and Use: 

A low cost, simple approach is required to seciu'e the interior 
collector cap, which holds the glass in place, to the collector 
shell. This tool is requii'ed only for initial collector 
buildup or to replace the collector glazing. An off-the-shelf 
metal cutter will be modified by making the jaws into a crimper 
rather than a exit ter. 

Identification of Manufacturer: 

Modification by Colt of an off-the-shelf metal cutter, available 
through McMas ter -Carr, 

Reason for Equipment: 

This tool will expedite production time and eliminate the cost 
of alternatives such as sheet metal scre\\»s. 
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1.0 Introduction 

This document is an analysis of hazardous conditions that may 
exist in the solar liot water and space heating systems. This 
analysis identifies extreme conditions and discusses their 
potential hazard. The hazards have been evaluated for all 
major aspects of the system, including personnel, equipment, 
and structure. 

2 . 0 Approach 

This analysis identifies hazards that may be detrimental to 
personnel, equipment, and the structure. A classification has 
been established as to whether the hazard level is Ma j o r , 

Minor , or None . Residual hazards have been examined and 
identified, such as hardware failures that may cause further 
contribution to a hazard. 

2.1 Hazard Identification 

The objective in analyzing the hazards to personnel, equipment 
and structure is to first identify the hazard; secondly, sub- 
jectively classify the hazard risk; and third, discuss what 
corrective action or method of Gontrolling the hazard is 
required. 

2.1,1 Hazard to Personnel 

There is concern for the elimination of all hazards. Of 
primary concern is the elimination of hazards to personnel. 
Possible hazards to personnel have been defined as: the 



contamxuation of tlte domestic hot watex', glass breakage, 
hot TOter eicceeding and the release of the collectox' 

thermal loop relief valve. 

2.1. 1.1 Domestic Hot Water Contamination 
A prime concern for any solar system using a heat transfer 
fluid other than water, is the possibility of the fluid 
entering and contaminating the domestic hot \\?ater system. 
Colt has chosen paraffinic oil as the'heat transfer fluid 
for its solax' system. Pax^affinic oil is a non-toxic, 
non •‘nutritive fluid that pox' forms well in the solar 
collection system. 

The Colt solar system has three assurances that this con- 
tamination will not occur; 

1. The paraffinic oil is in a closed loop configuration 
from the collector array to the heat exchanger and 
back to the collectors. This loop will have been 
hydrostatically tested to 100 psi prior to filling 
with paraffinic oil. 

2. The possibility of contamination is further minimisied 
by the fact that if a paraffinic oil leak occurred in 
the storage tank, the oil would float harmlessly on 
top of the storage water. 

3. The possibility of paraffinic oil leaking from the 
thermal storage water to the domestic x^ater lines or 
hot water heat exchanger tank is virtually nonexistent 
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becausio (1} the vlomostic water is separated from the 
paraffinic oil by u second boundary^ and the 
domestic water is at a j^reater pi'essiU'O than the 
atmospheric pressure of the storage water. 

Possible Hasard None 

(Uass breakage 

The glaising specified for the solar collector is l/b” 
tempered glass. In the event of glass breakage, no hazard 
is expected because of the way the tempered glass breaks 
into small harmless pieces. This is not true of normal 
strength glass, which could be vei'y hasardous by breaking 
in to 1 a I'go , j a gge d s liee t s . I n t h e e ven t o f a ha list o rm , 
no damage Is foreseeable. Tests conducted at lASk dtiring 
the last three years luu^e experienced hailstones of in 
diameter, and no damage to collector gla;^ing has occurred. 

Possible llasard - None 

2.1.1 .5 lixtreme Hot UkU or Temperature 

A hazardous condition to personnel may exist if the domes* 
tic hot water temperature exceeds lo0^\ If this condition 
exists aftei' the solar system is adjusted, Colt will install 
a mixing valve to mix cold water with the excessively !iot 
water prior to domestic use. 

Possible Hazard - None 
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^.1.1.4 Release of Holief Wilve 

The re e xi s t s the po s s i h il 1 1 y of a ha « a rd to pe r s onn el, if 
the rel ief v^alve in the collector thenual loop is opened 
and hot pararfinic oil is ejected into the air and possibly 
onto personnel* To alleviate this possible hazard, piping 
has been designed le discharge the paraffinic oil into a 
gravel catch basin in the event of a discharge through the 
I'elief 1^‘alve , 

Possible Hazard - Mono 

2*1*2 Hazards to Bquipment 

Hazards to equipment are those hazards which are judged to 
cause equipment fni lures and/or destruction of equipment. 

Possible hazards to equipment are generally categorised ns 
resulting from ovet'pres^suro or overstressing of components. 

An additional possibility exists and that is the presence of 
fungi in the thermal storage Avrater. 

2. 1.2.1 Overpressure, Overstressing and Leakage 
All pressure vessels A\fil I be subjected to component part 
testing at the manufacturer, to a pressure of 2. S times 
M.B.OvP. After the >solar system is installed, another iiydro- 
static test v^?ill be performed on all piping and pressure 
vessels to insure that the system piping and joints will 
ANfithstand a pressure of 2.0 times M.H.O.P. This test virtually 
eliminates any failure in any part of the fluid system. 

Possible Hazard * None 
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^A^2\2 in Wutvn' 

A wtu'm* eUuuitC' is c^>uchisivt> to tho pvopii^iot ion 

oi- fuuiU tm<l i>in^o the hot stonii’so wntov toinper- 

iitute is oxpoctoU to he hotween IhO^ m\d it is 

hii^hiv unlikely thut m\y type ei- er^iunism enn sustain 
lil'e ut these tempo i\mu'es^ Puttnp verii'icatlen testiui^, 
the themal stora.ne tank will be inspeeted^ and ii ruuiU 
eiv al^^ae is detected^ elimination will be aeoomp Hshed 
usiui> chemicals iamiliat to the pool industt^y* 

Possible Oatavd - I^'ono 

Collector ihemal Expansion 

Previous testin^t has shown that collector temperatures 
can t'o as high as 4do'^^P, I'rom ambient to 400'^^b, the 
collectors wiU expand approximately in the lateral 

direction and in the transverse direction. This 

expansion has been allowed Tor In the design oi the 
collector^ and no pt'oblems are expected. 

Possible Hasard - None 

;^,l%;-,4 Thermal vStorago Tank Venting 

A 3/4'' vent has been designed into the lid oT the storage 
tank* This wnt will allow Tor the removal of excess 
water and air pressures in the storage tank, IP the 
storage tank cools, the vent will allow Per Pt'esh air to 
be taken in , e 1 imina t ing the poss Ih i 1 i ty o T tank co I lapse , 



If the float valve inside the thermal storage tank mal- 
functions* excess water will flow out the vent. Because 
the vent is sited as 3/4'' and the fill at 5/8", over- 
pressure is not expected to be a problem. 

Possible Hazard - hfone 

2. 1,2. 5 Collector Explosion/Implosion 

A possibility of collector explosion or implosion exists 
If venting is not allowed for. Three (Z) one -quarter 
(1/4) inch holes have been designed at the bottom of each 
solar collector frame. During heat up, these holes vent 
off pressure between the glazing and collector plate, 
eliminating the possibility of collector explosion. At 
the end of the heating day, the holes admit air to the 
space between the glazing and absorber glass, maintaining 
the space at atmospheric pressure, to eliminate the 
possibility of collector implosion. The holes serve a 
second purpose in that they also drain any condensate 
forming on the underside of the glazing. 

Possible Hazard - None 

2,1,5 Hazard to Structure 

Two possible hazards could present problems to the structure: 
(1) excess collector \veight on the roof of an existing 
structure, and (2) the leakage of water tight seals. 

2, 1.5.1 Excess Weight on Roof 

In retrofitting an ex’isting structure to a solar collection 
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sy^temi th«?vo a po^?»ibility that the stxmcture, 

will not support thi^' weight oi^t the rooi\ 4 v^^-jlle^otor 

array approximately seven (7V pounds per^ s^uava# 

Or:> 

foot. Prior to installation #f a c#lIector array on 
the ro«f, an ask>.^nieut will be made to determine the 
U’»ad*caYX^;ing i^apaci% i53iT the I'oof of th*^ struct wre 
be x'etrefitfed, If required, the l%xd~ carrying rapnbil- 
ity of th^ roof stt'ucture will be increased. 

Possible Hazard » None 

2.1. 3,2 beakage of heather Tight Seals 
The possibility of leakage around ^^eatjun' tight seals is 
minimal because the normal state -li^f-th^- art rA>o^fiiig and 
flashing practices will be employed. All seals that must 
moV(5^ to provide thermal expansion us© proven collector 
installation techniques, 

. Possible Hazard - None 

2.2 Residual HaZiOVds 

There are no residual hazards in the Colt s<?lar system. 

2.3 Hardware Failures that Contribute to a Hazai'd 

The solar system has been engineered so that any component 
failure in the solar system will not create a hazard. 

Possible Hazard - Nune 
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1.0 Intyovluction 

It Is the inivpose of tho ti'aining program to idontify tho 
skill lovol I’oquivod, and the training pi'ogram s>»llabus to bo 
iiuplcmontod, with trudam>n local to the tost site. 

The training* program will assume that the installation cod" 
tractor proi\>xSses certain skills nocossury for a contractor 
involved with installation and service of heatlnsi systems. 

Those requirements are defined in this tt'aining program. 

Social training which would net necessarUy be a part of any 
heating contractor's bucKgroimd, that is typical to systems 
such axS Colt's, will he covered in a training program conducted 
by Celt in the locale of the operational test site. 

2 . 0 Con t ra c t o r P re requi site 

The contractor instalUug the solar system should be skilled, 
experienced, and trained in all the pi^imat'y disciplines of 
heating and ventUation. 

1. The conti'actov shall have experience in the theory and 
practice of heating, ventilation, basic air distribu« 
t ion, heat loads, and heating equipment fundamentals. 
This background should include the ability to follow 
system schematics; to trouble shoot from the schematics 
and also understand manufacturer’s catalogs, charts, 
specifications, vand special instructions. 

The contractor should have a basic understanding of 
altenuulng current, motor control, thermostatxS , and 


and lew voltage wiring* The various control devices 
used for heating and hot water systems should, there- 
fore, be imderstood by the contractor. Types of tools 
for both service and installation of control equipment 
should be first-hand hnowledge of the contractor. 

3. The contractor should understand the design and layout 
of air distribution systems as they apply to space 
heating. He should have an understanding of the term- 
inology involved with air distribution systems as it 
applies to friction calculations, duct velocity, static 
pressure, and the various tecimiques used for balancing 
air distribution systems. 

4. The contractor should have knowledge of general sheet 
metal fabrication, Knowing the characteristics of 
materials commonly used in sheet metal work. He should 
understand the basic principles involved in slieet metal 
pattern development. He should have experience in lay- 
ing out, cutting, forming, and joining material as 
required in light metal fabrication, 

5. The contractors vshould iujve experience in the install- 
ation of piping systems involving the sweating of 
solder in copper fittings. He should know how to pro- 
perly clean, solder, and test all piping systems. 

h. The contractor sltould be experienced in the application 
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of various insulation materials on piping systems. 
This experience should include the insulation tech- 
niques on corners^ valves, and other perturbances 
that may be in a solar system, 

7, The contractor should have the experience in filling 
fluid systems that x'equire exacting quantities of 
fluid and the plugging of int rained air, 

8, Tlie contractor should have a general understanding 
of heat transfer and the relative value of different 
forms of insulation. This should include a working 
knowledge of a variety of installation techniques 

of insulation in/on air distribution ducts, 

3.0 Special Equipment 

There is no special equipment that is not provided by Colt 
for the installation of the solar heating and hot water heat- 
ing system, 

4.0 Colt Training Program 

The Colt training program px'ovides the installing contractor 
with a detailed description of the system, instruction in sub 
system installation techniques, an explanation of the site 
data acquisition system, training in check-out procedures, 
instruction in conducting routine operations of the system, 
and training in system trouble shooting. For the contractor 
exhibiting the previously defined skills and prerequisites. 



and upon coitipletdon of the Colt training pvogi'am, the instal- 
lation and operation of the solar heating nnd hot Abater heat- 
ing system will be without difficulty. The installation will 
he as routine and straight forward as any conventional heating 
system. 

4.1 System Description 
To be supplied later, 

4.2 Installation Techniques 
To be siapplied later. 

4.3 Site Data Acquisition System and Instrumentation 
To he supplied later, 

4.4 System Check-out Procedures 
To be suppiied later. 

4.5 System Operations 

To he supplied later. 

4.6 System Trouble Shooting 
To be supplied later. 

The details of the Colt training program will be formulated 
and written during the installation and system testing of the 
Verification and Development Test equipment being installed 
in the Colt test facility. 
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